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SUMMARY
This milestone report summarizes the data obtained in FY15 on the major task of quantifying the binding strength of amidoxime-related ligands. Thermodynamic studies of the interaction between U(VI) and amidoxime ligand HL III were studied to quantify the binding ability of U(VI) with amidoxime-related ligands and help to select grafting/reaction conditions so that higher yield of preferred amidoximerelated ligands is obtained.
Besides the thermodynamic task, structural studies on vanadium complexation with amidoxime ligand were conducted to help understand the extremely strong sorption of vanadium on poly(amidoxime) sorbents. Data processing and summarization of the vanadium system are in progress and will be included in the next milestone report. 
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INTRODUCTION
To improve the extraction efficiency and reduce the extraction cost, fundamental understanding of the coordination chemistry of the extraction process is necessary. Therefore, thermodynamic and structural studies need to be conducted to determine the stability constants of the complexes of uranium with a series of amidoxime-type ligands and understand the coordination modes. In FY15, one major task was undertaken, to conduct thermodynamic studies of the interaction between U (VI) and Amidoxime ligand HL III . Besides, structural studies of vanadium/glutaroimide-dioxime complex were performed. This report presents the data on the major task in FY15.
RESULTS
Interaction between U(VI) and AO ligand C
To help the development of more efficient amidoxime-based sorbents, three amidoxime-related small molecules that represent the three moieties shown in Scheme 1a have been prepared and studied. 
2.1.1
Stability constants Figure 1 shows the potentiometric titrations for the complexation of U(VI) with HL III using EDTA as a competing ligand. A number of speciation models were tried and the best fit of the experimental data was obtained with a model including the formation of a 1:1 complex (UO 2 L III ) + in the p[H] region of 3 -5, with logβ 11 = (9.4 ± 0.6) ( Table 1 ). In the calculation, the equilibrium constants of UO 2 2+ hydrolysis, EDTA protonation, and UO 2 2+ complexation with EDTA, at I = 0.5 M (NaCl) were all included (see Table 1 ). These constants at I = 0.5 M (NaCl) were obtained from those at infinite dilution by using the Specific ion Interaction Theory. The constants at infinite dilution and I = 0.5 M (NaCl) are also listed in Table 1 . 
Binding trends in ligand L I , L II , and L III
The data from this work indicate that only one weak 1:1 complex between U(VI) and HL III is formed, even at high ligand / uranium molar ratio (3:1 and 4:1 in Fig. 3 2+ using the two oxime groups and the imino nitrogen. The chelate structure of the U(VI) complex with H 2 L I is particularly stabilized by a large conjugated ligand moiety that resulted from the relocation of the protons on the oxime groups and the deprotonation of the imino nitrogen. In contrast, the absence of a second oxime group in HL III makes it less likely to form the same conjugated moiety and bind U(VI) in a strong tridentate mode. Therefore, HL III probably binds U(VI) in a mono-or bi-dentate mode.
Attempts to obtain crystal structures of the (UO 2 L III ) + complex in this work were not successful. However, postulations on the coordination modes in this complex could be made, based on the information in the literature on the U(VI) complexes with related amidoxime ligands. Three possible coordination modes, including bi-dentate, mono-dentate, and η 2 -coordination, could be suggested ( Figure  2) . The mono-dentate and η 2 -coordination modes have been observed in U(VI) complexes with ligands structurally similar to HL III . For example, the 1:1 U(VI) complex with acetamidoxime (AO), structurally similar to HL III , is shown to have similar stability (log β 11 = 10.6) to that of U(VI)/HL III from this work (log β 11 = (9.4 ± 0.6), Table 2 ). Also, X-ray crystallographic analysis in solid phase, combined with more recent DFT calculations, has shown that η 2 -coordination exists in the U(VI)/AO complex, without the involvement of the -NH 2 group. In the absence of the crystallographic data on the structure of the (UO 2 L III ) + complex, DFT calculations were performed in this work to provide insight into the coordination mode(s) and help explain the binding strength and thermodynamic trends in the complexation of HL III with U(VI). (n = 0, 3, 4 ; m = 0, 1, 2; n + m = 0 -5) (structures a to l in Figure 3 ) were first optimized in the gas phase. An increased number of water molecules has been included to evaluate the effect of uranyl hydration on the preferential coordination mode with (L III ) -. Then the structures were re-optimized in PCM water to take into account bulk solvation effects on the energy and structure of the reactants and products. In Table 3 are reported the Δ values for reaction (1) for a -c and reaction (2) for d -l.
Reaction (1) does not include the hydration effect, while reaction (2) takes into account the release/rearrangement of solvent molecules from the equatorial plane of the uranyl cation.
To help understand which coordination mode (mono-, bi-, or 2 ) is the most probable in the (UO 2 L III ) + complex, it is more meaningful to compare the energies of the structure isomers (mono-, bi-, or 2 ) that follow the same desolvation scheme, i.e., the same values of (5 -n -m) in reaction (2). The results in Table 3 show that for the hydrated structures optimized in PCM water, the most stable isomer is always the structure with the bidentate mode. For reaction (2) with the value of (5 -n -m) = 2, the Δ (kcal mol -1 ) follows the trend: bi-(-44.3) < 2 -(-39.9) < mono-(-38.4). For reaction (2) with the value of (5 -n -m) = 1, the Δ (kcal mol -1 ) follows the trend: bi-(-46.2) < mono-(-37.8) < 2 -(-36.0). For reaction (2) with the value of (5 -n -m) = 0, the Δ (kcal mol -1 ) follows the trend: bi-(-48.2) < mono-(-40.3) < 2 -(-38.1). In brief, DFT computation suggests that the bidentate structure (Figure 2a) is the most probable coordination mode in the (UO 2 L III ) + complex. Evidently, the formation of hydrogen bonding between a water molecule and the carbonyl oxygen atom in HL III stabilizes the bidentate coordination mode. Table 3 . Free energies for the formation of the complexes (a to l in Figure 3) 
Vanadium complex with Glutaro-imide-dioxime
Structural studies on vanadium complexation with amidoxime ligand were conducted to help understand the extremely strong sorption of vanadium on poly(amidoxime) sorbents. An unusual "bare" V 5+ / complex with glutaroimide-dioxime was synthesized from aqueous solution. Multinuclear NMR, ESI-MS and EPR studies were performed to characterization the structure of the complex in solution. Data processing and summarization of the vanadium system are in progress and will be included in the next milestone report.
CONCLUSION
Glutarimidoxioxime (HL III ) and two other amidoxime-related ligands, glutarimidedioxime (H 2 L I ) and glutardiamidoxime (H 2 L II ), represent the three possible functionalities that could form in the radiation-induced grafting process to prepare the sorbents for the extraction of uranium from seawater. The results from this study, in conjunction with those from previous studies, suggest that the conditions of the grafting process (e.g., temperature, stoichiometric ratio of reactants) should be carefully selected and controlled to maximize the formation of glutarimidedioxime (H 2 L I ), and probably glutardiamidoxime (H 2 L II ) as well, but minimize the formation of
